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SEXECUTIVE SUMMARY

THE MAGNETIC FIELDS OF A HORIZONTAL
ELECTRIC DIPOLE IN A SEMI-INFINITE MEDIUWM 2

OBJECTIVE

The objective of this report is to provide a means of predicting,

-j interactively, the magnetic fields in a quasi-static range due to a

submerged horizontal electric dipole.

APPROACH

Simple engineering expression were used, or developed, to predict the

magnetic fields. These expressions were programmed in ANSI 77 Fortran to -1

produce graphics displays on a Tektronix terminal.
.

RESULTS

The computer programs can be used to find the magnetic fields along

f certain chosen paths in the upper half or in the lower half medium. The

corresponding magnetic curves for each path can then be plotted. The

I systems which predict the results for DC sources have been utilized

S I extensively by the David W. Taylor Naval Ship Research and Development

Center, Annapolis, Maryland.

CONCLUSIONS AND RECOMMENDATIONS

j Computer simulations are viable tools to evaluate Magnetic fields in an

interactive environment. In order to fully analyze experimental data, it is

recommended that the models be modified to include multi-layer effects.

I CAUTION: This document was prepared as part of a larger effort. The

contents should not be taken out of context of that larger effort.

vi



ABSTRACT

Various formulae for magnetic fields of horizontal electric dipoles

in a semi-infinite medium have been derived. in the interest of

providing the ability to evaluate the magnetic field strength interactively

at on-site field locations, reduced expressions, which are valid in the

quasi-static range, for the magnetic field were used in developing

computer generated plots.

Existing expressions were used to plot the field strength for AC and point

DC dipoles with the receiver either in the medium or above the medium. in

order to plot the special case of a finite length DC dipole with the

receiver above the medium, the reduced expression had to be derived. These

new expressions, in addition to agreeing with Kraichwran's point dipole

expressions which are valid at a distance, also ave valid -.ith the receiver

directly above the source.

ADMINISTRATIVE INFORMATION

This project was supported by the Annapolis Laboratory of the David W.

Taylor Naval Ship Research and Development Center.

I NTRODUCT I ON

INumerous papers have been published to give various approximate

expressions for magnetic field strengths in various configurations. There

j is a growing need to evaluate the magnetic field strengths instantaneously L

and interactively so that curves for magnetic fields at different heights.

U different distances, different frequencies, and different orientations in

rclationship with the earth's ,.. fie.l ran hP prnduced instantly. U

in this report, the author's develope a set of comIpete proqrai.. s to eval:aze

the magnetic fields generated by a submerged horizontal electric diole.

O)nly the quasi-stati range of expressions is considercd thr)uohout the report.



As shown in Figure 1, a horizontal electric dipole (HED) of finite

length L angular frequency w, is located at depth h (h < 0) betweer -L/2 an-'

L/2 parallel to the x-axis in the positive x-direction. The plane z=O separates

the upper region (z > 0) of air from the lower region of the conduzting mediun

with conductivity ,i and permeability po. The observation point (:,y,z) is

either in the air or in the medium. For simplicity, Kraichman's -:,proxinlate

(1) (2)
formulae and Bannister and Dube's modified image theory result- ,

instead of the more exact numerical results, are used. A collection of the

reports written by Bannister and his co-worker can be found in re- ?_rence 3.

The expressions for a finite length DC dipole are derived from mcdified

image theory results as a limiting case of an AC dipole. Rectangular

coordinates are used throughout the report. The cylindrical coordinate

expressions found in references 1 and 2, are charqed to rectangular

coordinates.

The computer programs are written in 77 Ansi Fortran. In each case :

an AC dipole, the computer program gives the moduli of each of the three

components, the moduli of the component in the direction of the earth's

magnetic field, the real part of this projection, and the phase of the

projection. In all of the AC cases the frequency is assumed to be I Hz,

the dipole current is 50 amperes, and the direction oi the earth's magneti

field is in the negative y direction. In the case of a DC dipole. the

computer program gives the three components, and the component in the

direction of the earth's magnetic field. Curves of magnetic fields are

produced by using the graphics package (4 ) developed for the Textrenix 4051

at the U. S. Naval Academy. The measuring distances, heights, orientations,

and dipole frequencies can be specified interactively at the execution time

of the programs.

2
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I Fig. I Dipole configuration in a semi-infinite medium
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The programs are designed so as to generate output which is stored in

La files. These data files may then be used for analysis, or they may rv

as input to the graphics package to plot the curves. This approach was taken r I
so that the programs can Nz used even if plotting 'apability is not read-, iy

available. A complete listing of all the rrograms with instructions for their

use can be found in Appendix A.

EQUATIONS

Nine different configurations of field strength evaluations will be

discussed. The first six cases pertain to AC sources. tIodiied i4mage

theory results are used in the first three of these, while the second three I

describe the field in limited ranges. The remaining three cases refer to DC

sources. AA

4

A& = - - *



(A) Finite length AC dipole subsurface to air propagation (Modified

I Image Theory).

Bannister and Dube(2) arrived at the following quasi-static formulae

by employing finitely conducting earth-i'mage theory techniques.

I These specific expressions are in simple algebraic form, are valid

for the quasi-static range, and can be found on page 10 of reference 2.

H eYa h 1 d+z-bh z-bh 1 d+z-bh z-bh
H e 4L2 2 LK K L L2 2 K K

(x7) +y 12 22 (x 11 21

X+ ya xdizb L Y+_ L +Lyah d+z-bh 2X+ z-bh 2 2
y2+(d+z-bh) 2 y +(z-bh) 2 K2I K22 y2+(x+)'

d+z-bh z-bh
K 1  K2

11 22
(2)

H y yah 1 2 21 x, 2
y2+(d+z-bh)2  11 12  y +(z-bh) K21  K22

- ( 3 )

Bannister and Dube chose the following values for the constants a and b:

a = 0 and b = 1 for R<<6 and IhI<<,

a = 0.30 and b = 0.96 for R/6 less than approximately 1,

j a 0.96 and b : 0.40 for R/6 between approximately 1 and 10,

a 1.0 and b = 0 for R>13hi.

The name of the program used to predict the magnetic field strength for

this case is ACF (finite length AC dipole subsurface to air). The output is

shown in Figures 2, 3 and 4. The field is measured along the path,

x = -39.5m, z = 914.4m, and 0<y-5000m. Figure 2 depicts the absolute values

of the three components of the magnetic field. Figure 3 gives the modulus

of the projection of the magnetic field in the direction of the earth's

I field and the real part of that projection. Figure 4 is a graph of the

phase of the projection.

-i 5

_ 7_1c



rTr

144

if)

U. U J Z- L



- - -- =

i
I

I

I
_____ _____ 0

_____

I
0

-\ _____ 0
- - - -- __ ~~~--0

'Cl- 'Cl-

0

a)II ______

'2
- L.~h

Si _____________ ____________ _____________ I I

- __ __ --- __ __ S

w C:.

U..-i
Ca

0
-I.-

:1 U) -.

w , '~s
'-4I-. 

I

'-.4 I
U- /

/
/f -v-----.-. 0

- -4

-- ___ -- - ___

_ _ _ _

- - ~ I.jQ.

-~ -I I I .~:

- 0 :, - 0
* ,:

* * II

I, I' ... 0 0

I
II

7

I
7 - - - -~



IDI

CL M' 1)" -Z L Ci .

____ ___ ___ ___



(B) Point AC dipole subsurface to air propagation (Modified Image

Theory).

The expressions for the magnetic field subsurface to air

propagation due to a point AC dipole are qiven, in cyclindrical crnordinates

on page 6 of reference 2. As pointed out in reference 2, these expressions

can be derived from the corresponding finite length DC expressions (1), (2),

and (3), as the measurement distance becomes much greater than the source

length L. In the interest of consistency, the expressions given in

reference 2 have been transformed into rectangular coordinates.

ex yPxy e ah [d+z-bh z-bh 2 d+z-bh z-bh

K2  K 02 21(4)

P yah (d+z-bh z-bh) y_x d+z-bh -

K K1  (5)

Hz :ePy yah I I(
'72 (6)

The constants a and b are again loosely defined as in Case A. The name of

the program which produces the output for this case is ACP (point AC dipole

subsurface to air). Saple outputs of ACP are shown in Figures 5, 6 and 7.

All the constants, as well as the three output examples, are the same as the
previous representation for a finite dipole.

II
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I (C) Point AC dipole subsurface to subsurface propagation (Modified

I Image Theory).

The expressions for the magnetic field subsurface to subsurface

I propagation due to a point AC dipole are given, in cylindrical coordinates,

on pages 13 and 14 of reference 2. In rectangular coordinates, they become:

Pxy ~~h (l yR~eR +ya(z+h) 2-2bz+h) + (i?!) + d-b(z+h)1;

I 47-p R2  Kp K ~ K~ 7

P z-h _____~ y ~~h -bzh 2 2
HI * -:3 (1+yR,)eY 1 - _____2e_2_ e4 y

+b (z+h)(y2-x') + d-b(z+h) 2

K3P 4K P (8)

H E - R eR 2(+y ya(z+h)1 1

17 R 3  K 3 K 3
~p R3 1+ 2 K3  I4 (9)

The constants a arnd b are determined by:

a =0 and b =1 forR2

a =0.4 and b =0.96 for R Sless than approximiately 1,

a =0.96 and b =0.4 for R Sbetween approximately 1 and 10,

a =1 and b =0 for P>31z + hi.

The name of the program is ACPS (point AC dipole subsurface to subsurface).

The sample outputs for this case are shown in Figures 8, 9, and 10. Since this

example is for the case where both the dipole and the sensor are subsurface, the

va;ue of z is now z =-5m. The path y is once again chosen as 0<Y 5000r.

13
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IIi~~I,
(D) Point AC dipole subsurface to air propagation in the range

1yR>>l and R>>Ihl.

The next three sets of equations (D), (E), and (F) are valid only

I in restricted ranges.

The expressions for the magnetic field subsurface to air propagation

in the range jyRI>>1 and R>>IhI are given, in cylindrical coordinates on

j page 3-22 of reference 1. In rectangular coordinates, they become:

(I(0)

eyh R2y2 (x2 - 0

H -
z( -2

y 2wy R3p2  R(2  1

Hz 3Pe
h  5z22 5 (1+yz--

R (12)

The name of the program for case (D) in ACP1 (Point AC Dipole

Subsurface to Air). Figures 11, 12, and 13 are representative outputs of

this program.

f 17
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M1
(E) Point AC dipole subsurface to air propagation in the range

yp>>l, p>>IhI, p>>Izl.

The expressions for the magnetic field subsurface to air propagation

in the range jyp>>1, p>>Ihl and p>>Izl are given, in cylindrical coordinates,

on page 3-24 of reference 1. The expressions are valid only in the vicinity 4
of the z axis. In rectangular coordinates, they become:

H eYh

27ryp (13)

S h 5 (2y2_x2)
Y 2nyp (14)

Hz_ 3Py eYh (1+yz)
z 2n'2p5  (15)

- AI

The program for these equations is named ACP2 (Point AC Dipole

Subsurface to Air). Figures 14, 15, and 16 are included as examples. The

graphs are plotted along the path x 152.4m, z = 152.4m, and O<y<5OOOm.

21
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(F) Point AC dipole subsurface to subsurface propagation in the range

IypI>>l, p>>ihI, and p>>jzl.

l The range of this case is identical to that of case (E). The

difference lies in the fact that the observation point is in the lower half

medium as opposed to the upper half.

The expressions for the magnetic field subsurface to subsurfac2

propagation in the range Iyp>>1, p>>Ihl, and p>>Izl are given, in N

cylindrical coordinates, on page 3-24 of reference 1. In rectangular

coordinates, they become:

=3Pxyey(z+h)

x 2- p (16)

- peY(z+h)- 5

2,7p (17)

3P - e (h+z )  i

z 2y p (18)-

The program for this set of equations has been named ACP2S (Point

AC Dipole Subsurface to Subsurface). The sample outputs are shown in

Figures 17, 18, and 19. The path of measurement is x 152.4m, z = -5m,

and O<y-500m.

25 
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(G) Point DC dipole subsurface to air propagation.

TLe remaining three programs apply to DC sources only. These

I programs have been used extensively by the David W. Taylor 'lavai Ship

Research and Development Center, Annapolis, Laboratory.

The expressions for the magnetic field subsurface to air propagation

due to a point DC dipole are given, in cylindrical coordinates, on page 3-4

of reference 1. In rectangular coordinates, they become:

H"Pxy [z-h 2 (z-hH~x 2--f R3 2 RT - I]

2 2 2P (z-h)y- xy hHy 3T° p2  R1 (0
4r o R1  1 (201%

H Pyz 3 R
47R (21)

The program for this set of equations is called DCP 'Point DC Dipole

Subsurface to Air Propagation). The sample graphs for this case are labeled

Figures 20 and 21. The path for Figure 20 is x = 304.8m, z = 914.m, and

-25005y 25Q0. Since the equation has a singularity at the origin, x was chosen

i

N °- to be 0.01m_ The variables z and y are the sar.ae for both fiqures.

29
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(H) Finite length DC dipole subsurface to air propagation.

The ,agnetic field expressions (1), (?), and (3) for a

finite length AC dipole can be used to derive the corresponding DC

expressions. As d-, eYah1, and b = 1, we have:

d4?z-bh d+ .4h
K12 11

11 K12

and equations (1), (2), and (3) reduce to:

H ly z-h 1 2x 4 /L22 ( - 2 )- L (1 - (222)
, x--) +y 22 (x+-)2+y2 2 (22

2 2
L A -

x+- x- - 21
Ny 4=[+(z"-h)2 (T21 K 22 y 2+(x+L)2" K 21 Al

(23)

L L
H _ 1 X x:-.- --

ly i - 2 "" NO

z 4r2 2 (K KT2z +(z-h) 21 22 (2)

Equations (22), (23), and (24) give the magnetic field co:-.ponents

for a finite length DC dipole. When the finite length L is much less than

the measurement dista.ice, we have:

1 1 xL_,. L

K21  RI 2R1 2  K22  R1 (!2R2 ,"'

2(1+ -- ), i (

and IL * P.2 2
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Consequently, equations (22), (23), and (24) reduce, respectively, to the

point dipole equations (19), (20), and (21).

The name of the program for this set of equations is DCF (Finite

Length DC Dipole Subsurface to Air).

- 'Figure 22 shows the magnetic fields due to a DC dipole of length

5Om, located at a depth of 76.2m, for the path z 914.4m, x = 304.8m, and

-25O0m*y2500m. The earth's magnetic field direction in the xy-plane forms

an angle of 1.57T radium relative to the x axis. Figure 23 gives the

corresponding curve for a point DC dipole. Figure 22 and Figure 23 show that

along this path, the finite length dipole results are in very good agreement

with corresponding point dipole results. The point dipole equations (19), (20),

and (21) have a singularity at the origin. Therefore, they are not valid near

the z axis. Figures (21) and (23) point out the discrepancy encountered when

the observation path is near the z axis. Both figures are measured at the

same height, z = 914.4m, and y is bounded by, -2500_y_2500. Even though the

values for x are very close to each other, 0.OOm and 0.Olm, the magnetic

tield strengths appear to be vastly different near the z axis.

I The finite dipole equations (22), (23), and (24) predict magnetic

fields close to that predicted by the point dipole equations when the

J observation points are away from the origin. In addition, they do not have

a singularity at the origin.

33
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(1) Point DC dipole subsurface to subsurface propagation.

The expressions for the magnetic field subsurface to subsurface

propagation due to a point DC dipole are given, in cylindrical coordinates,

on page 3-4 of reference 1. In rectangular coordinates, t,.ey become:

H= Pxy_ z+h + _ (z+h +Hx 42 R3 2 R + I)

42 2 2 (25)

I _ P [z-h +x2(zh) 22 (z+h+1)

H hh + x 2(z+h) + x 2 y2 (+ +)Hy 4w 3 2 3 4 R2

R p2R2 (261

H - Py
z 3 Val4rrR1  (27)

The name of the program is DCPS (Point DC Dioole Subsurface to A

Subsurface). The appropriate graph is given in Figure 24. The path of

measurement is z = -5m, x = -39.5m, and 0 - y < 5000,h.

|lL
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DISCUSSION

The computer programs can be used to find the magnetic fields along

certain chosen paths in the upper half or in the lower half medium.. The

corresponding magnetic curves for each path can then be plotted. The svte.,

which predict the results for DC sources have been utilized extensivel,.,

by the David W. Taylor Naval Ship Research and Development Center, Annapoi's.

Maryland.
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APPENDIX I

Operating Instructions and Program Listings

OPERATING INSTRUCTIONS

The programs are intended to be run in an interactive mode. Data which

is required for each individual program is requested by the program at run

time. Depending on the particular program which is being run, the user will

be required to furnish the values of some combination of the following

carameters:

(a) The height of the measurement path, that is, the value of z.

(b) The values for the constants a and b, required when using Modified

Image Theory.

(c) The range of the y value of the measurement path and the increm.ent

along that path.

(d) The angle of the earth's magnetic field direction. The angle is

assumed to be in K w radians, but the user need only provide the

value for K.

The output of the programs is stored in data files. Each AC program

writes into three files; one for H H and Hz; one for Ht ana Hr; and the
Sy zL r

third is used to store the phase. Each DC program requires only one output

file. Hx, Hy, Hz and Ht are all stored in this file. These files may now

provide input to TEKGRAF2, a graphics plotting package developed at the

j United States Naval Academy. Reference 3 provides operating instructions

for this package.

3
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ACF

* MODIFIED IMAGE TER O IIELNT CSBT I
* NUSC REPORT 5647

COMPLEX FUNCTION HX(FREQXPYPZ)
COMPLEX ZDBrZDB'iK11,K12
COMPLEX COEFFYGAMMA
REAL 1(21,122
REAL LENGTH
COMMON DEPTHvLENGTHCURENTACONBCONPI
GAMMA = CSORT(CMPLX(0.0,FREQ*(PI**2)*32.E-7))
XLP = X + LENGTH/2
XLM =X - LENGTH/2
ZB =Z -BCON*DEPTH
ZDaB =Z + 2/GAMMA - BCON*DEPTH
XLPY = XLP**2 + Y**2
XLMY = XLM**2 + Y**2
ZDBY = ZDB**2 + Y**2
ZBY = ZB**2 + Y**2
11= CSORT(XLP**2 + ZDBY)
K(12 = CSQRT(XLM**2 + ZDBY)
K(21 = SQRT(XLP**2 + ZBY)
K(22 = SQRT(XLM**2 + ZBY)A

*COEFF = Y*CURENT * CEXP(GAMMA*ACON*DEPTH)
I HX =100.*COEFF*((ZDB/K12 - ZB/K22)/XLMY -(ZDB/Kl - ZB/1(21)/XLPY)
RETURN
END
COMPLEX FUNCTION HY(FREOXrYpZ)
COMPLEX ZDBPZDBYYK(11,K12
COMPLEX HYl vHY3rHY4rGAMMArYCOEFF
REAL K21,1K22
REAL LENGTH
COMMON DEPTHVLENGTH ,CURENT ,ACON, BCON vPI
GAMMA = CSORT(CMPLX(0OOFREQ*(PI**2)*32.E-7))
XLP = X + LENGTH/2

XLM = X - LENGTH/2
ZB = Z -BCON*DEPTH
ZEIB =Z + 2/GAMMA - BCON*DEPTH
XLPY =XLF**2 + Y**2
XLMY =XLM**2 + Y**2
ZDBY =ZDB**2 + Y**2
ZBY =ZB**2 +- Y**2
1(11 = CSQRT(XLP**2 + ZDBY)
K(12 = CSORT(XLM**2 + ZDBY)
1(21 = SQRT(XLP**2 + ZBY)
K(22 = SORT(XLM**2 + ZBY)
YCOEFF = CURENT *CEXP(GAMMA*ACON*DEPTH)

2 HYl = (XLP/K11 XLM/K12)*ZDB/ZDBY
HY2 = (XLP/K21 - XLtI/K22)*ZB/ZBaY
HY3 =(ZDBa/Kl1 - ZB/K21)*XLP/XLPY
HY4 = (ZDB/Kl2 - ZB/K22)*XLI/XLIY
HlY = 100 **YCOEFF* (HY1-HY2+HY3-HiY4) A~
RETURN
ENDI

07/21/80 13:51:044
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ACF (Pagle 2)
I

COMPLEX FUNCTION HZ(FREGPXiYYZ)
COMPLEX ZDEBZDEYrKl1,N12
COMPLEX GAt1MAP COEFF
REAL N217K22
REAL LENGTH
COMMON DEPTHiLENGTHCYURENTACONvBCONPPI

GAMMA = CSQRT(CMPLX(0.0YFREQ*(PI**2)*32.E-7))
XLP = X + LENGTH/2
XLM = X-LENGTH/2
ZB = Z -BCON*DEPTFH
ZDEB Z + 2/GAMMA - BC;OI*DEPTH
ZDIBY =ZDB**2C- + Y**2
ZBY =ZB**2 + Y**2

1(11 CSORT(XLF**2 + ZDBY)I
K12 =CSORT(XLM**2 + ZDEBY)
K211 SORT(XLP**2 + ZBY)
K22 SORTIXLM**2 + ZBY)
COEFF = Y*CURENT * CEXF(GAMMA*ACON*DEPTH)

3 HZ = 100.*COEFF*((XLP/'K11 -XLM/Kl2)/ZDBY -(XLP/K21Il XLM/K22/i;-

4 REFURN
END
COMPLEX FUNCTION HT(FREQvyYZPBETA) i

COMPLEX HXYHYS'HZ
SBETA = SIN(BETA)
CBETA = COS(BETA)
HT = HX(FREQY~XYZ)*CBETA/1.7S -0.823*HZ(FREQYXPYtZ)
HT = HT + HY(FREOYXPYrZ)*SBETA/1.76
RETURN 

N

END
FUNCTION HP(FREQXpYrZE4ETA)
COMPLEX HXrHYYHZYHT
HP =ATAN(AIMAG(HT(FREQXYZBETA))/REAL(HT(FREQXYYZ7BEIA));',
RETURN
END
FUNCTION HR(FREQYXYZYBETA)
COMPLEX HXYHYPHZ
SBETA = SIIJ(BETA)
CBETA = COS(BETA)
HR = REAL(HX'cPs QOXYZ))*CD ETA/1.76 -0.823*REAL(HZ(FREQXryyZ))

HR = HR + REAL(HY(FREQX-.Y.7-*SBETIA/1.76
RETURN
END
COMMON DEPTHLENGTHCURENTACONBCONPI
COMPLEX N4XrHY7HZyHT
REAL LENGTH
DEPTH -7.
LENGTH = 50.
CURENT =1.00

P1 3.14159
X =-39.5

OPEN (1.t ACFFD'YACCESS=ASCII*)
OPEN (2,-'ACFPFD',4CCESS=*ASCII')

07/21/80 13:52:54



ACF (Page 3)

-=OPEN (3, ACFTFD*PACCESS=ASCIII)
FREG = I
PRINT, 'WHAT IS THE HEIGHT IN METERSO
INPUT, Z
PRINT, 'WHAT IS THE LIMIT FOR Y AND ITS INCREMENT'
INPUT, LItIITPINC
PRINT, 'WHAT ARE THE VALUES FOR A? AND FOR BO
INPUT, ACONPBCON
PRINT, 'WHAT IS THE ANGLE FOR EARTH MAGNETIC FIELD'4
INPUT, ANGLE
BETA =ANGLE*PI I
DO 10 Y = 0.01,LIMITvINC
AHX = CABS(HX(FREUYXvYvZ))I10 WRITE (1,100) YrAHX
WRITE (1,200)
DO 20 Y = 0.01vLIMITvINC

AHY = CABS(HY(FREQvXvYPZ)) TI20 WRITE (1,100) YvAHY
WRITE (1v200)
DO 30 Y = 0#01PLIMITPINC

AHZ = CABS(HZ(FREUYXvYvZ))I30 WRITE (1,100) Yy AHZ
WRITE (1,200)
DO 40 Y = 0.01,LIMITvINC
ANT = CABS(HT(FREOXYZvBETA))

40 WRITE (3v100) Y, AHT
WRITE (3,200)
DO 50 Y = 0*01,LIMITPINC

50 WRITE (3,100) Yp HR(FREUYXYvZYBETA)
WRITE (3,200)
DO 60 Y = 0#01PLIMITvINC

60 WRITE (2,100) Yp HP(FREaXvYvZvBETA)
WRITE (2Y200)
CLOSE (1)
CLOSE (2)
CLOSE (3)

100 FORMAT (1PFlO.3v1Hv1PElO.3)
200 FORMAT (11I.E37v1.E37)j END

07/21/80 13:54:17 -

A3



*mo'tIFIEtt IMAGE THEORY FOR INFTNITESIMAL AC HEt'
* SUBSURFACE TO AIR PROPAGATION
* BANNISTER REPORT 5647

COMPLEX FUNCTION HX(FRE~tXpYyZ)
COMPLEX ZI.IBK2yHXI ,HX2yGA)MMAI

REAL Kl-PI
COMMON 0EPTHr~ACONyrB(CONp ,pFI
GAMMA =CS(R(CMLX(O.0FRE--*(I**2*32.E-7))

ZB ZJ --BCON*LIEPTH
ZDB =Z + 2/GAMMA --BCON*raEFTH
COEFF = P * CEXP (GCAMMA* Af.LN* DFrrH ) /(4 4*fPI
RHO = ScQRT(X**2 + Y**))
KI = SORT(RHO**2 + ZB**2)
K2 =CSQRr(RHO**2 + ZIIB**2)

I HX1 = ZDB/(K2**3) - ZB/(Kl**3)
HX2 = (ZDB/K2 -- ZF/K1)*2/(RHO**2)
HX = 400.*FT*COEF-F**X*Y*(HXI 4- HX2")/(RHO**2)
RETURN
E ND
COMFPLEX FUNCTION HY(FRFflXrYrZ)
COMPLEX ZDBIK27HYlHY2yGAMMA
COMPLEX HYlr HY2yHX1 ,HX2rGAMMA
COMPLEX COEFF
REAL K17PI
COMMON DEPTHPACONPBCONrvPI
CAMMA = CSO;RT(CMPL-X(0.0,FREQ*(PF'**2>*32.E'-7))
ZB =Z -FRCON*DEPTH

ZDB =Z ' 2/r73AMMA -- BCON*DEPTH
RHO = (3CR(X**2 + Y**2)

K!= SC4R1 (RHO**2 + ZB**2)
KN~2 = C.',SQRT(RHO**2 + ZDB**2)
COEFF =P * CEXF ( GAMMA*ACON*EPTH )/ (4*F' I

2 HYi. = (ZDB/(K2)*K2*1K2) -- 7B/(K1*K1I*Kl))*X*Y/(RHCO**2)

HY2 =(LI/'- /fi)Y*2 .... l4
HY =400.*F'I*CO)EFF*(HYI+HY2)
END
COMPLEX FUNCTION HZ(FRE0-XyYy-Z)
COMPLEX ZDi!,IK2 GAMMA
REAL KlrPl
COMMON DEP rHvACONrBC0N!-?P.
GAMMA = CSQRT(CMPLX(0,0YFREQ*(P**2)*32.E-7))
ZB =Z -DCON*DEPTH
ZDB =Z + 2/GAMMA -- DCON*DEPTH
RHO SQRT('X*'2 + Y**2)
1(1 SQRT(RH0**)2 +- ZB**2)

C2 CSP'RT(RH'o**2 4- ZDBI**2)
COEFF = P * CEXP(GAMMA*ACON*EDEP-T'H) / (4*FI)

3 HZ = 400.*FPI*Y*COEFF*(I/(K-**3) - !/(K2**3))
4 RETURN

ENEi
COMPLEX FUNCTION HT(FREQvXyYyZyPETA)

07/21/80 13 5 319
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f ACP (Page 2)

COMPLEX HXfHYvHZ
SBETA = SIN(BETA)I CEETA = (Os(BETA)
HT = HX('FREQYXPYPZ)*CBETA/1.76 +HY(FREQ7XYY,Z)*SBETA/1.76
HT= HT-0.823*HZ(FREQYXPYYZ)
RETURN
END
FUNCTION HP(FREQYXYZPBETA)
COMPLEX HXvHYvHZY'HT
HP = A-AN(AIMAG(HT(FREQXYZE'ETA))/REAL(HT(FREQX.YZ,-BETA)))
RETURN
ENE,
FUNCTION HR(FREQvXYYZEETA)
COMPLEX HXHYPHZ
SBETA = SIN(BETA)
CBETA = COS(BETA)
HR = REA^L(HX(FREQXYZ))*CBETA/1.76
HR = HR+REAL(HY(FREOXYYZ))*SBETA/1.76
HR = HR -- 0,923*REtlL(HZ(FREQYXrY,Z))
RETURN
END
COMMON DEPTHpACONpBCONrPrPI
COMPLEX HX,'HYPHZPHT
X=-39#5
DEPTH = -76.2
PI 3,14159
P =50.0
OPEN (1,.ACPFDvACCS-' ACI
OPEN (2, *ACPPFD" YACCESS=OASCIIP)
OPEN (3,'ACPTFE',ACCESS=IASCIII)
FREQ=1 .0
PRINT, 'WHAT IS THE HEIGHT IM METERS"

LIMIT=5OOO

PRINT, 'WHAT ARE THE VALUES FOR A? AND FOR B'

INPUTP ANGLE
BETA =ANGLE*PI

DO 10 Y = 0*01PLIMITPINC
AHX = CAES(HX(FREG,XPYYZ))

10 WRITE (1,100) YvAHX
WRITE (1,200)
DO 20 Y = 0.01YLIMITYINCA'
AHY = CABS(HY(FREQrXrYYZ))

20 WRITE (1,100) Yy AHY
WRITE (1,200)
DO 30 Y = 0.01rLIMITYINC
AHZ =CABS(HZ(FREQYXYYZ))

30 WRITE (1Y100) Yy AHZ
WRITE (1Y200)

07/21/80 13:*56:59
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ACP < R 5e 3)f
_'G 4Q ' = ( I.),L MIrTINCAH T M T C -S (F fREO YX,Y -, fBETA)

40 WRITE (3,100) y, ATH'
-W RITE ( ,. 00 ,

DO 50 i- ',;0 , EM IL Iv"LWo WRITE (2 , 0o w ' , H"(f XY Z BF -(A )WRITE (.200) Yi r
DO o Y L- 4 ITl Tf ,IN:60 RITE (3 ) Y. EX,YWRITE K 3,, -"c-0o)

CLOSS

100 FORt AT (If .E 37v1 . 0
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ACX'

*MODIFIEE' IMiAC;::. THEORY FOR POINT AC SUE' TO SUEB
* NUJSC REPORTr '5*6's

COMPLEX F:UNCTION HX(FREQvXYZ>
COMPLEX H1v~
COMPLEX [F2rEF7 AM Z FU
REAL. KTHREE
COMMON TJEPT~lryACC~Ni.4COIJFyrI
GAMMA~C3~ CfL(.rFE*P*~*2E)

VP= DEP r:FTH
117i, = 2/GAMMW ZONZH

RF[C) =SQF<T(X*' 2 + Y**2)/
R-WO =SORT(RHO**2 + ZFIP**2>
EYP2 =CEXF'(--G-,AMAtFTtO)
EXPZ=C&F((*CNHP
KTHREE 3~T(f~C)* + (ElCON*ZHP )**2>
K' iOUR C~E0R(N.O*t,2 + !lZE**2)
H. 1 , ZHF'* 'J -Y G -tMA'RTWOj)*EXFP2/(RTWO)**3)

H>2 2~iZ~:(~FUR(RHO**'")) + 2*E'CON*ZHP/(K THREE* (RHO**'))
=' HX-2 4- g:Z;'--/ dF0UR**3)

H':. =io x'~;x + EXF*HX2)/(RHO**2)
F% T U R N

END
COMPLEX FINTT H Y (FRED ,XrYr~Z)

COMPLEX Y Y2Y3XP
COMPLEX Ei'A 2.F.X-P7 7GAMMA i,EIZEI r KFOUR
REAL KTF'-REE
COMMON DtEV: 'iIi!. CQN4ECON ,P PTP
GAMMA =CSORT(rCiPLXC.0FRE*(P**2)*32.E-7))
ZHM =Z -- UFFEET1N
ZHP = Z + ThEpTilH
DZU = 2,/GANji. tO*H
RHO -CP(~
R<OHE S~ ~~*2+ ZHM*4'2)
RTWO 5QRT(POR-,0e2 + ZHF'**2)
EXPI CEXi-.(--6iAMMA*PONE)
EXP2 rlFXF'(-fzAMMA*RTW0)
EXPZ C ::X: - -Aii 1 AC0Nt
KTHREE =SC 70** + (BCDN*ZHP) **2)
(F 0U R k(:O*2+ EZB**2)

H)'l = -ZHW/Ii }GAMNA*RONE)*EXP1/(RONE**3)
HY2= -ZHP*( Xl,2)V( 4- GAMMA*RTWO)*EXP2/( (RHO*4,,2)*(RTW4O**3))
HY3 = -1Zl(Y '1%,"2 - VX'*2 /K F 0U R*R H0*4)
HY3 = HY3 + B[& I*ZHF*(Y**2 - X**2)/(KTHREE*(R '**4))
*aY3 =EXP'Z'(HlY3 + (Y**2)*E'ZB/((KFOUR**3)*(RHO*2)))
HY = 100.11 rHY1 + HY2 + HY3)
RETURN
END
COMPLEX FUN'CTION HZ<FRE~vXvYrZ)
COMPLEX HZl.H7Z2vHZ-3vEXP1
COMPLEX EXP2;EFPZYGAtiMArDZBiKFOUR
REAL KTHREEGO
COMMON DFPTHrA~CONECONPYPI \,~

07/21/80 14:06:*40
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ACPS (Pa'je 2)

GAMMA = CSOQR(CMLX(.0,FRt:*(FI**2)*32.E-7))
ZHM = Z - DEPTH
ZHP = Z + DEPTH
DZB =2/GAMMA -- BCON*,7HF
RHO =SflRT(X**2 4 Yx-*-'
RONE =SQRT(RHO)**2 i zHM**2)
RTWO = SQRT(RHO0V^2 + ZHP**2)
EXPI = r'EXP(-GAMMA*RONE)
EXP2 =CEXF'(-GAMMA*RTWC")
EXPZ = C-EXF( fAMMA*ACON*ZHP)A
K I HREE =SQRT(RHO**2 + (rcCON*7HP)**2)
tFL'Lfr CSQRT(RHO**2 + 'E*)

H.-L, EXPI~k(1 + GAMMA*RONE)/(RONE**3)
HZ2 = EXP2*UA + GAMMA*RT*WO)/(RTWO!**3>
HZ3 = EXPZ*(t/Q'KTHREE**3) - 1/(KFOUR**3))
HZ :=!0.*PYV(HZl - HZ2 + HZ3)/RHO

4 RETURN

COMPLEX FUNCTION HT(FREQyXiYrZYBETA)
COMPLEX HXrHY-HZ

SHETA =SIN'(BETA)
CEIEA =COS(LBETA) I
HTI HX(FRFbXspYtZ)*CBETA/1,76 - 0.823*HZ(FREflXrYZ)
HT =HT --HY (FREQiX,.YYZ)*SBET4A/1.76

RETURNp
FUNCTION HP(FREOYXYYZEIETA)
COMPLEX HXrHYYHZVHT
HP = AiAN(AlMAG(HT(FREQYXYYZBETA))/REAL(HT(FREQX,ZfBEITA
RET URN
END:
FUJNCTION HR(FRE~rX"Yy7,BETA)
COMPLEX H\.HY.HZ
SEBETA = - SiNtAbETA1)
CB-ETrA =CUS3(JETA)
HR REAL(HX(FRE~rvYZ))*CBETA/1.76 -0.82c_3*rK-AL(HZ(FLQ~y,X

HR =HR + REAL(HY(FRE~hXy''Z ))SDtETA/'J.76
RET URN[

COMMON DE-PTHrACONrB:CONpFPI L

COMPLEX HXYHY ,HZyHT
X=76.2 T

DEPTH = -76.2
P1 3.1415i9
P 50.0
OPEN ( ., 'i"-'FSFDiU ACCESS='ASCII')
OPEN '2 -CSF''ACS~SI~
OPEN(3r'AC'STF' ,ACC'ESS="ASCIT51)
FREQ=1
PRINTr 'WHAT IS THE HEIGHT IN METERSo
TrNPUlT Z

PRINT? *WHAT IS THE UPPER L.IMIT FOR Y AND ITS INCREMENTO

A8



ACPS (Paste 3)

INPUTr LIMITYINC
PRINT, 'WHAT ARE THE VALUES FOR A? AND FOR B"
INPUT, ACONrBCON
PRINT, 'WHAT IS THE ANGLE OF THE EARTH MAGNETIC FIELD*
INPUT? ANGLE
BIETA = ANGLE*PI
DO 10 Y = 0.01PLIMITPINC
AHX = CABS(HX(FREQOpXYYZ))

10 WRITE (1Y100) YrANX
WRITE (1,200)
DO 20 Y = 0.01rLIMITPINC
ANY = CAPS(HY(FREQXrY7Z))

20 WRITE (1r100) Yy ANY
WRITE (1,200)
DO 30 Y = 0.01,LIMITrINC
AHZ = CABS(HZ(FREQYXYZ))

30 WRITE (1,100) Yr AHZ
WRITE (1,200)
DO 40 Y( = 0.01YLIMITYINC
ANT = CAES(HT(FREQXrYvZrBETA))

40 WRITE (3P100) Yp AHT
WRITE (3,200)
DO 50 Y = 0.01PLIMITYINC

50 WRITE (3Y100) Yp HR(FREQYXYPZEcETA)
WRITE (3,200)
DO 60 Y = 0.O1?LIMITINc

=60 WRITE (2,100) YPNP(FREQPX7YZEEETA)

WRITE (2,200)
CLOSE (2)

CLOSE (3)I
100 FORMAT (1PE1O.3,IH,,1PE1O.3)
200 FORMAT (11H1.E37p1.E37)

END

07/2180 1409:1
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ACP 1

* AC DII P01F !N DHAI~-NEAR~f RANGE- SUB TO A~I R
* ' I.- E. *,', . i 3 r KR')' CHM A N

COMPLEvX FUNC.;O H iX ( Ff(FQ, PZ)
(AT)MII(N tf.VH 1

Pt-~I F, (.1I1 M A
RHO [. *24Y*T9:

GAMMA 2~ (Ih~ - CER(ML() .. 1;U* (11*42) *32. E--7)
Hx :- 7(> I ah

HX - A00.*P I X*3*1.0~ ( Zt*)/ ( k*2) )* (( X*Y )/ (RHO**2 )
RLTIUR'
END~
COMPLE~:X FUNCT I ON lAY (FREQP XP~Y 7
COMMOJN f~.HF

RHO Y I X*2 Y,

G(AMMAi - L'V(CMPLI.X(O,0,FRE0*(PI*)*32.E-7>))
HY : F',! (?'V I *CiriM,4
HY 4002.14kI ,HY*FEXFO(f3? iIKD[EPFTH ) / (F R**3)

RET URFN

COMPLEX FUriC I ON H,_' ' EREQ ,xyXT Z
COMMON DLIFF H!, F' I
COMP LE X
R H ( = ': ('. ± Y *2)
F: = URTi FiQ,) ,*2 + Z**2)
GAMMA - I Q~t~:IX( 0.0PFRF)*(Pl**2)*32.E:-7))
HZ - 3.Q "1* i#GhM(A*GAhMSm
HZ -/~~ ~F HZ(3EX(GAM*:DEFTH)/ ( R%*5)
HZ =4C(. '"VH'k(1.±(GAMM4*Z)-5*fZ**2)/(R**2))
RE TR
E N.DTI

C bM *LE X 4y X: Pf 1,

SC:ETA L

H! HX(FW~X, -,)*C4ETA/n>,'' - 0.923*HZ(FREQYXYPZ)
HT =HT + YF~l~Y7*' -!017
REFTUIiRN
END
FUNCTION HF'(FR1_4X!Y,ZrFET.A)
COMPLEX HXv!!Y -:H*l
HP = ATAN(r*l'KA t '2?T '(FRE(PX.Y,7yEETA))REAL(HT(FREtbXYyZYBETA))),
RET U R1i
ENYI
FUNCTION HR(FRE0vX.YZBETA)
COMPLEX C 09H
SEBETA~ -~ SIN(BEfCA)
CEETA C;OS(FIFTA) O

07/21/80 14:10:36
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HR =REAL(HX(FREQrvYZ))*CBETA/1.76 -0#823*REAL(HZ(FREQPXYYZ))

HR = HR + REAL(HY(FREGXtYvZ))*SBETA/1*76
RETURN -
ENDV
COMPLEX HXrHYYHZYHT
COMMON EEPTHPPI PP
DEPTH = -76#2
X=-39+5 IF
PI 3.14159
P =50#0

OPEN (%1f'AC1FD'vACCESS=*ASCII1)
OPEN (2v*ACIPFD',ACCESS=*ASCII')
OPEN (3v'AClTFD*PACCESS=*ASCIII)
FREQ=1.0
PRINTY'WHAT IS THE HEIGHT'
INPUT-? Z
PRINT? 'WHAT YS THE LIMIT FOR Y AND ITS INCREMENT'
INPUT, LIMITY,,.C
PRINT, 'WHAT IS THE ANGLE OF EARTH MAGNETIC FIELD'
INPUTv ANGLE
BETA = ANGLE * PI
DO 10 Y = 0.01PLIMITrINC
AHX = CABS(HX(FREQXPYYZ))

10 WRITE(1P100) Yy AHX
WRITE (1,200)
DO 20 Y =0.017LIMITPINC
AHY = CAE4S(HY(FREOXYYZ))

20 WRITE (1,100) Yt AHY
WRITE (1Y200)
DO 30 Y = 0+01YLIMITYINC
AHZ = CABS(HZ(FREQYXPYYZ))

30 WRITE (1Y100) Yy AHZ 2
WRITE (1,200)
1.0 40 Y = 0#01YLIMITPINC
AHT = CABS(HT(FREQYXPYvZYBETA))

40 WRITE (3,100) Yy AHT
WRITE (3,200)
DO 50 Y = 0*01vLItiITYINC

f50 WRITE (3Y100) Y, HR(FREQPXPYvZYBETA)
WRITE (3Y200)
DO 60 Y = 0.01vLIMITPINC

60 WRITE (2,100) Yy HP(FREQYXPYZFBETA)
WRITE (2,200)
CLOSE (1)
CLOSE (2)

jCLOSE (3)
100 FORMAT (1PE1O.3v1H,,1PE1O.3) L
200 FORMAT (11H1.E37r1*E37)

END

07/21/80 14:010:36
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*AC DIPOLE IN QUAST-NEAR RANGE
tTABLE 3.15yKRAICH1AN

COMPLEX FUNC,,Tli0ON HX(FREQXYYZ)
COMMON DEPl d r P! I P
COMPLEX GAMMA
RHO = S(URT(X**2 + Y*I.>-
GiAMMA =CSQRh. CMPLX(O .OvFREQ*(Pl**2)*3,2.E-7))
HX (3*P) /(2APT 'GAMMA)
HX =HX*!CE-XP(GAMMA*EPT)/(RHO**3)

HA' 40O'.*FPi*HMX*XkY/(RMiO**2)

ENDL
COMPLE'C:X FUNCTION HY(FREtbXrYYZ)
COMMON DEPTHYPI rP
COMPLEX GAMMA
RHO0r S 0,L, 1X ** 2 + Y**2)

6AM1A ':SQt-RT(CMFL-X(Q.O~FREQ4*(PI**2*3,*,2.E-7))

MY 4(M). *F I*HY*CE-XP (GAMMA*DiEP'rM ) / ( RHO**3)
HY H~ Y ~ ~~Y*)/RO~" (X**'2)/(RHO**.2-))
RETURN

COMPLEX FUNCTION HZ(FREQYXYYPZ>
COMMON DEPT Hr P
COMPLE~X GAMMA
RHO :'SORT (X**2 + Y **2)
GAMMA = CSQRT(CLMFLIX(OOFREQ*(PI**2>*32.E-7))
HZ =3.*P/'(2*PI*GAMMA*GAMMA)

=HZ = MZ*Y*C(EXP (GAMMA*DEFPTM) / ( RO**5)A
HZ =400.*PI*VhZ*(!O +f GAMMA*Z)

RETURN

COMPLEX W.C)NHT (FRE09vX rY, Z BETA)
COrmPLEx H HY.H7
SPELiA = SIN(IBETA)
CSE!A =CoS-(BETA
HIJT = HV(FRE X-Y.Z)*CUBETA/!.76 - O23*H7!Fl<Ur,XyyZ)
HT = MT + NY(FREQX,yrZ)*SBETA'17

RET URN

FUNCTION HP (FRED YX 7 YZ~i-
COMPLEX HX-HY-HZfHf
HP =ATAN(IAIMA,(H-T(FR Rc.-QXYZBETA) )/REAL(MT(FREQXY!ZBETA)))

END
FUNCfIO N H.-E 0 X Y YZY E T A

SBEA =STN(BEIA)

C ETA COS(fBETA)
HR =RE L(HtX(FREOhXYZ))*CUETA/1.76 - .623*REAL(HZ(FREQwX~yrj'-
HR " R + REAL(MY(-RE-0XYZ))*SBETA/1.7/6
RE iR N

07/21/:90 14:.11:-57
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END
COMPLEX HXYHYPHZHT
COMMON DEPTHrPIYP
DEPTH =-76.2
X =152.4
PI = 3.14159I P = 50.0
OPEN (1,ACP2FDnACCESS="ASCII4)
OPEN (2,*ACP2PFDIACCESS=ASCIVa)
OPEN (3v*ACP2TFD',ACCESS'ASCIIs)
INPUT = lo
PRINTr*WHAT IS THE HEIGHT'

PRINT, 'WHAT IS THE LIMIT FOR Y AND ITS INCREMENT'
INPUT, LItIITPINC
PRINT, *WHAT IS THE ANGLE OF THE EARTH MAGNETIC FIELD'
INPUT, ANGLE

BEA= ANGLE*PI
DO 10 Y = 0#01YLIMITvINC
ANX = CABS(HX(FREOXYZ))

10 WRITE(1P100) ",t AHX
WRITE (1,200)
DO 20 Y = 0.01PLIMITYINC
AHY = CABS(HY(,REQPXPYrZ))

20 WRITE (1,100) Y, AHY
WRITE (1,200)
[D0 30 Y =0#01YLIMITYINC
AHZ = CABS(HZ(FREQYXPYtZ))

30 WRITE (1,100) Yr AHZ
WRITE (1,200)
DO 40 Y = O,01PLIMITYINC
AHT = CABS(HT(FREQPXYZPBETA))

40 WRITE (3,100) Y, AHT
WRITE (3,200)
DO 50 Y = 0#01PLIMITYINC

50 WRITE (3v100) Yr HR(FREQPXPYZPETA)IWRITE (3Y200)
DO 60 Y = 0#01PLIMITPINC

*60 WRITE (2P100) Yr HP(FREOPXYPZPBETA)
jWRITE ("Y200)

CLOSE (1)
CLOSE (2)
CLOSE (3)

100 FORMAT (1PE1O.3y1Hv1PEIO#3)
200 FORMAT (11H1.E37t1.E37)j END

07/21/80 14:13:#20
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* POINI AC SUB TO SUBA
* !ABLE 3.160
COMPLEX FUNCT1ON HX(FPEQYXYYZ)
COMMON DEFTHYPI 4'
COMPLEX GAMMAl
RZERO =SO4RT(X**2 i ''*2) an
GAMMA! CSORT(%CIPLX(O.O,FREQ*(PI**2)*3? .E-7))

-HX = P./(')*-,*GAMMAl)
HX - HX*CEXF'(GArmMA1*()DEF'TH I- Z))/(RZERO**3)
HX =400.,*PFI*Hx^*,3*UX*Y)/(RZERO**2)) j)
RET U RN M

COMPLEX FUNCTION HY(FREQfXtYYZ)
COMMOli DEPTHYPI YP

RZERO SORT(X**2 + Y**2)
GAMMAl =CSORT(CMPLX(O.OYFREQ*(PI**2)*32:-.E-7)) m
HY = /(**G-M)
HY =400O.*PI*HY*CEX-P(AMMA1*(riEFTH + Z) )/(RZERO**3)
HY =HY (2*(Y**2) - (X**2) )/(RZERO**2)
RETURN
EN Dl
COMPLEX FUNCTION HZ(FREOPXFYPZ)a
COMMON DEF'THrPIYPF
COMPLEX GAMMA 1
R7ERO =SORT(X**2 + Y**2)
GAMMAI CSORT(CMPLX(O.OjFREQ*(F'I**2)*32.E-7))
HZ = 3.*F'/('2*PT*GAMMAI*GAMMAl)
HZ = liZ*Y*CEA'P(GAMMA1*(DEPTH + Z) )/(RZERO**SJ)
Hz = 400.*PT*[i

RETURN
END
COMPLEX FUNCTION HT(FREQXrYv~eyiBETA)
COMPLEX HXYHY-HZ
SPEFTA =SIN(BEIA)
C9ETA = COS(BETA)

H-=HX(PREQXrYZ)*CBETA/1.76 - 823*HZ(!7FRr4XYYZ)
HT = HT + HY(PRFQYXYYZ)*SBETA/1.76
RE rlJRN
EN Dt
FUNCTION HP(FRE~yXYYfZrP-E".)
COMPLEX HIXYHYYHZYHTi
HP = ATAN(.AIMAG(H1-,T(F, REQ',5XYv,7,ETA) /REAL(HT(FREQXYZBETn)))
R ETUIiRN
ENE.
FUNCTION Hr-(-FREQrXiYrZ,BETA)
COMPLEY '7HYvHZ
SBET4~ = SIN'4BETA)
CBWTA =COS(BETA)
HR = REAL (HX(Fr-,EQ'XYt-Z))*CDETA/1*"76 - 823*REAL(HZ(FREQrXYyZ)) A
HR =HR +REAL(IHY(FREQXYYZ))*SBETA/1./'6
RETI R

07/2?:/80 14!14'43
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END
COMPLEX HXHYrHZPHT
DEPTH = -76.2
COMMON DEPT-IPI ,P
X =152.4

PI 3.14159
P = 50.0
OPEN (1,'ACP2SFD*YACCESS=IASCIIa)
OPEN (2v'ACP2SPFD'YACCESS= *ASCII*)
OPEN (3,'ACP2STFDvACCESS'lASCII-)
FREO = 1#
PRINT,'WHAT IS THE HEIGHT'
INPUT, Z
PRINTP 'WHAT IS THE UPPER LIMIT FOR Y AND ITS INCREMENT'
INPUTY LIIIT.'INC
PRINTY'WHAT IS THE ANGLE FOR EARTH MAGNETIC FIELD'
INPUTY ANGLE
BETA = ANGLE*PI
DO 10 Y = O,01YLIMITPINC
AHX = CABS(HX(FREQPXY~Z))

10 WRITE(1,100) Yy AHX
WRITE (1,200)
DO 20 Y = 0,01PLIMITPINC
ANY = CABS(HY(FREQXvYrZ))

20 WRITE (1r100) Yr AHY
WRITE (1,200)
DO 30 Y 0.01,LIMITPINC
AHZ =CABS(HZ(FREQPXPYvZ))

30 WRITE (1,100) Yv AHZ
WRITE (1,200)
DO 40 Y = 0#01PLIIIITYINC
AHT = CABS(HT(FREOvXvYrZvBETA))

40 WRITE (3,100) Yy AHT
WRITE (39200)
DO 50 Y = 0#01PLIMITPINC

50 WRITE (3Y100) Yy HR(FREQrXPYZEETA)
WRITE (3P200)
DO 60 Y =0*01YLIMITYINC

60 WRITE (2,100) Y, HP(FREOPXPYZBETA)
WRITE (2,200)
CLOSE (1)
CLOSE (2) I

CLOSE (3)
100 FORMAT (1PE10.3v1Hvv1PE10.3)
200 FORMAT (11H1.E37,1.E37)A

END4

07/21/80 1:60
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*INFINITESIPI rIC HEY'

VPTH

RU)NE U b.,h ( NHO**2 iH**2 )

I :..hX*.7H'iROt'F*RONF**2) + 2*(H/fdJ'NE -1)/RHO**2 I

E NI'

EUN(LA!ION H-Y(x> 1 7)
COMMON 1I;ri H. P

"H DEPTH
P14C= SORT (X**2 + Y**2)
RODNE S0RT(RH0**2 + ZH**VY) -

HY = .ORlNE**-3) + (-**2 -- Y**2.*P(ZH/RONF -I R"

I"

-1Lir iON ?Z(X 7 V.7) 0

n- - - -EPH
RHO =SUR! (X**2 + Y**2)

SUN s-:T-,R-HO**? + ZH**2)
H.:- 100*P-*'riftE(OEt)
IEIIURN

FUNCTICON HT(X-Y,-ZBETA)
B E TA STNIiEIA)

-- El A fl-I3(f:&-TA)
NT -HXx X.7,-0TA1.76 +- HY (XYZ) *SBETA/1 .76 - O823fl47i

PET URN

E N"

I --- iT 7.

Nu- AcN

fIN-WH T , 7 IST HflNC

TIC'0!' -L IMIT 7 LI1MIT, INC
10 Mri, iI100) Y. HX(XIYZ)

WRT i I 4Q9)5i



} DCP (RITe 2)

WRT (1,400)
DO 30 Y = -LIMITPLIIIITtINCI30 WRITE (1,100) YHZ(XtYZ)
WRITE (1,400)
DO 40 Y = -LIMITPLIMITvINC

40 WRITE (1v100) YvHT(XvYvZvBETA)
WRITE (1,400)
CLOSE (1)

100 FORMAT (1PElO.3,1Hv,1PE1O.3)
400 FORMAT (1IH1.E37v1.E37)

END

im

07/23/80 11:*09:*51
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DCF

*moDIFIED IMAGE FOR FINITE LENGTH DtC HEr'
FUNCTION HX(XrYrZ)
COMMON CONrETHCURENTYLENGTH
REAL LENGTH
REAL K21r1 22
XLP =X + LENGTH/2
XLM =X - LENGTH/2
ZED = Z -RCON*DEPTH
XLPY = XLP**2 + Y**2
XLMY = XLM**2 + Y**2
ZBY ZB**2 + Y**2
K21 = SORT(XLFP**2 + ZBY)
K 22 S(iRT(XLM**2 + ZBtY)
HX1 (1 - ZB/K22)/XL.MY
HX2 =(I - ZE/K21 )/XLPY
HX =100*Y*CURENT*(HX1 - HX2)
RETURN
ENDE
FUNCTION HY(XYZ)
COMMON ECONrDEPTHPCURENTYLENGTI
REAL. K21,1 22
REAL LENGTH
XLP = X +- LENGTH/2
XLM = X - LENGTH/2
ZEI = Z -E4CON*EIEPTH
XLPY = XILP**2 + Y**2
XLMY = XLM**2 + Y**2
ZBY = ZEI**2 + Y**9?
K 21 = SQRfr(XLF**2 + ZE4Y)
K 22 = SORT(XLM**2 + ZEIY)V

2 HYl = (XLP/K21 - XL-M/K22)*ZB/Z4Y
HY2 = XLP*(l - ZB/1 21)/XLPY
HY3 = XLM*(l - ZE/K22)/XLMY
HY =100.*CURENT*(-HY1 + HY2 -HY3)

RETURN
END
FUNCTION HZ(XPYYZ)
COMMON BCON, DEPTH, CURENT VLENGTH
REAL 1 21YK '--'
REAL LENGTH
XLP = X + LENGTH/2
XLM = X -- LENGTH/2

ZB=Z -BCON*DEPTH
ZEIY = ZB**2 + Y**2
K 21 = SORT(XLFP**2 + ZEIY)
K 22 =SORT(XLM**2 + ZEIY)

3 HZ7 10*Y*CURENT*(XLF'/121 -XLM/K22)/ZRDY

RETURN

FUNCTION HT(XPYPZEIETA)
SBETA = GIN(BETA)
CL3ETA =COS(BETA)

07/21/80 14:417:28
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HT = HX(XYYZ)*CBETA/1,76 + HY(XYYZ)*SBETA/1.76 -0#823*HZ(XvYYZ)

RETURNI END
REAL LENGTH
COMMON BCON ,DEPTH, CURENT ,LENGTH
DEPTH=-76#2
CURENT =1#00
BCON = 1,00
LENGTH = 50.0
X=304#8
PI = 3,14159N

I OPEN (1,'DCFIELE",ACCESS=IASCII*)
IENEIFILE 1 6

PRINT, 'WHAT IS THE HEIGHT IN METERS"
INPUTr Z
PRINT, 'WHAT IS THE LIMIT FOR Y AND ITS INCREMENT' m
INPUTr LIMITYINC
PRINT, 'WHAT IS THE ANGLE FOR EARTH MAGNETIC FIELD"
INPUTY A
BETA =A*PI

DO 10 Y = -LIMITPLIMITYINC
10 WRITE (1,100) -'-HX(XPYYZ)

WRITE (1,200)
DO 20 Y -LIMITPLIMITYINC

20 WRITE (1,100) YPHY(XvYvZ)
WRITE (1,200)
DO 30 Y =-LIMITtLIMITYINC

30 WRITE (1,100) Yy HZ(XYYZ)
WRITE (1,200)IDO 40 Y =-LIMITPLIMITrINC

40 WRITE (1,100) YPHT(XYYPZYBETA)
WRITE (1,200)I
CLOSE (1)

100 FORMAT (1PE1O.3r1Hvv1PE1O,3)
200 FORMAT (11H1.E37v1.E37)I END

I '

I 07/21/80 14:#19:400
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*INFINITESIMAL DC HELI FROM SUBSURFACE TO SUBSURFACE
*FORMULAE (3.18) - (3.20)

FUNCTION HX(XYYZ)
COMM014 DEPTHYPF
ZHP Z + DEPTH
RHO =SORT(X**2 + Y**2)
RTWO =SQRT(RHO**2 4- ZHP**2)
HX = (P*X*Y)/(RHO**2)
H= 100.*HX*(ZHF/(RTWO**3) + 2*(ZHP/RTWO + 1)/(RHO**2))

RETURN
END
FUNCTION HY(XYYZ)
COMMON DEP TH YP
ZH =Z - DEPTH
ZHP =Z + DEPTH
? HO =SQRT(X**2 + Y**2)
RONE = SQRT(RHiO**2 + ZH**2)
Rr'WO =SQRT(RHO**2 + ZHP**2)
HYl =ZH/(RONE**3) + ZHP*(X**2)/U(RHO**2)*(FRTWO**3))
HY2 =(ZHP/RTWO + 1)*(X**2 -Y**2)/(RHO**4)

HY =-100.*P*(HY1+HY2)
RETURN
ENE,
FUNCTION HZ(XrYrZ)

COMMON DEPTHFP
ZH = Z - DEPTH
RHO =SQRT(X**2 + Y**2)
RONE =SQRT(RHO**2 + ZH**2)
HZ = 100*P*Y/(RONE*(RONE**2))
RETURN
END
FUNCTION HT(XPYZg'ETA)
SBETA = SIN(BETA)
CBETA = COS(BETA)
HT = HX(XpYrZ)*CE4ETA/1.76 + HY(XvYYZ7)*SB3ETA/1.76 0,823*HZ(XvYYZ)
RE TURN
ENDI
COMMON DEPTHYPM
DEPTH=-76. 2
X=1
fl' 50.0

PI 3.14159

OPEN (,*DCSUJBFD',ACCESS='ASCII')

PRINTr'WHAT IS THE HEIGHT*
INPUTY Z
PRINTr 'WHA'f IS THE LIMIT FOR Y AND ITS INCREMENT"
INPUT, LIMITYINC
PRINT- *WHAT IS THE ANGLE OF THE EARTH MAGNETIC FIELDR
INF'UTr ANGLE
BETA =ANGl-E*PI

DO 10 Y= -LTMITvLIMITr INC

07/21/80 14: 00:02
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10 WRITE (1,100) YYHX(XPYYZ)
IWRITE (1,400)
IDO 20 Y= -LIMITYLIMITYINC

20 WRITE (1,100) Yy HY(XPYYZ)
WRITE (1,400)

j [O 30 Y= -LIMITYLIMITYINC
30 WRITE (IlOO) Y'YHZ(XyYiZ)

WRITE (1,400)
DO 40 Y= -LIMITYLIMITYINC

40 WRITE (1,100) YvHT(XYZYBETA)
WRITE (1,400)

JCLOSE (1)
1 100 FORMAT (1PE10.3r1HYY1PE1O.3)

400 FORMAT (11H1.E37v1.E37)
END
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